Samples of the brine were taken daily from all fermentations for a period of 15 days and then at increasingly longer intervals. The last samples of the laboratory brines were taken 36 days after the cucumbers were salted and from the commercial brines at from 51 to 71 days, depending on the tank, after the cucumbers were salted.
The sampling technique used for the large tanks was essentially that recommended by Etchells and Jones (1946b) except that only three perforations (about 2 mm in diameter) were made in the 916-inch (inside diameter) stainless steel tube. These perforations were spaced 18 inches apart, starting at the sealed end of the tube. The tube was 6 feet long, the tanks about 7 to 8 feet deep. Thus, a composite sample was obtained including brine from various depths of the tank. The laboratory brines were sampled in much the same manner except that a glass tube was used and the open end moved slowly up from the bottom to the top as the sample was being withdrawn.
On removal from the tanks the brine samples were immediately returned to the laboratory and chemical and bacteriological analysis made.
Chemical and bacteriological methods. Brine subsamples were titrated with standard NaOH to determine titratable acidity and with standard AgNO, using dichlorofluorescein as an indicator to determine per cent salt.
The V-8 agar with brom cresol green indicator devised by Fabian et al., (1953) was used in the enumeration and isolation of acid-producing bacteria, and dextrose agar acidified with 5 ml of 5 per cent tartaric acid per 100 ml of medium for yeasts. Lauryl-tryptose broth tubes were inoculated in triplicate with various dilutions of the samples to determine members of the coliform group. All incubation was done at 30 C. Three days' incubation was allowed for the acid-formers, two days' for the coliforms, and five days' for the yeasts.
The classification systems of Stelling-Dekker (1931) , Lodder (1934) and Bedford (1942) were used in the identification of the yeast isolates. The methods described by these workers as modified by Etchells and Bell (1950a) were employed.
RESuLTS

Population Studie8
Commercial fermentations. With a few exceptions, the ten commercial fermentations studied were found to have similar patterns with respect to acid-forming organisms, yeasts, and coliforms. The general pattern of acid-forming bacteria and yeast activity in the fermentations studied is illustrated in figure 1 . This represents the average populations of these two groups of organisms in the 10 fermentations at each time interval.
In general the acid-forming bacteria count was found to rise sharply within 1 to 3 days after brining, reaching a peak within 5 to 6 days. The total number of these organisms declined rapidly for the following . 5 to 10 days, and then continued to decline at a slower rate for the remainder of the fermentation period studied. However, the maximum populations attained in the various brines from commercial operations varied from 5.5 X 107 to 1.29 X 108 per ml. Six of the ten fermentations had maximum populations ranging from 3 X 108 to 6 X 108 per ml.
In contrast to the acid-producing bacteria, the yeasts were generally found to decline in number during the first few days after brining, started rapid growth after about 5 days, and reached their maximum population in from 10 to 20 days of fermentation. Thereafter, there was a steady decline in yeast population. The maximum populations attained in the various fermentations were quite variable, ranging from 1.57 X 105 to 2.6 X 106 per ml.
Although some large variations were noted in the populations of coliforms present initially in the various brines, these organisms disappeared from all 10 fermentations rapidly. None were found after 13 days.
in the population of coliforms and these increases were not large. Thus, it is believed that the coliforms played no significant part in these fermentations. Rather, it is believed that the coliforms entered the brines on the cucumbers, found conditions unfavorable for growth and died. Average changes in the acid and salt concentrations for the 10 commercial fermentations are given in figure 2. No evident correlation was found between the total titratable acidity formed and the maximum populations of acid-formers observed in the various brines. However, in two tanks where the initial salt concentrations were relatively high (9 to 11 per cent), low populations of acid-forming bacteria were observed and very little acid was formed. Laboratory fermentations. The populations of acidformers, yeasts, and coliforms in three laboratory fermentations are presented in figure 3 . In general, the pattern of acid-forming bacteria populations was very similar to that obtained in the commercial fermentations studied, and is in close agreement with the findings of Rosen and Fabian (1953) in the study of two laboratory fermentations. However, the maxnmum populations of acid-forming bacteria attained in these lots, as well as in those reported on by Rosen The greatest difference in the fermentations in the laboratory as compared to those under commercial conditions was in the yeast fermentation. While a definite yeast phase of the fermentation was evident in the commercial tanks, as outlined previously, the yeast populations in the laboratory experiments were quite variable and, on the whole, were at a fairly high level throughout the fermentation period studied. Pronounced differences were evident in the yeast species responsible for the fermentations and will be discussed later.
The coliform populations were even more insignificant in the laboratory fermentations than they were I I in the commercial. The highest count observed was 2.5 X 104 per ml and that was in a sample taken immediately after covering the cucumbers with brine. No coliforms were found to be present after the fifth day of fermentation in any of the three crocks.
Acid and salt concentrations for the three laboratory fermentations are given in figure 4. Acid formation correlated with populations of acid-forming bacteria in that the rapid development of acid started more slowly in the lot with the large size cucumbers (No. 3) than with the two smaller sizes. Also, the maximum acidity was not so great as in the lots with the smaller sizes. This may possibly be the result of the difference in nutritive content of various sizes of cucumbers. Costilow and Fabian (1953) Etchells and Jones (1946a) and Rosen and Fabian (1953) leucine, isoleucine, valine, glutamic acid, cystine, tryptophane, and threonine, were found to be essential in the basal media used for all of the strains tested. From the percentage of isolates obtained at various stages in the fermentation there appeared to be a significant sequence of the various yeasts. This is illustrated in figure 5 . The first few days after brining a miscellaneous group of yeasts apparently predominated. Hansenula subpelliculosa was also found during this early period. During the most active phase of yeast fermentation the predominating yeast was This medium was prepared as described by Etchells and Bell (1950a) except that the V-8 juice was filtered through a single layer of cheese cloth in a Buchner funnel in order to prevent excessive foaming in the tube and wetting of the cotton plugs. 4 Lodder and Kreger-Van Rij (1952) Torulopsis holmii, which was replaced by Brettanomyces versatilis. Torulaspora rosei was found frequently throughout the fermentations. As noted above, this sequence does not necessarily occur in all cucumber fermentations but is merely an overall picture of the general yeast activity in these 10 tanks.
Yeasts from laboratory fermentations. A total of 109 isolates of yeasts from the three laboratory fermentations were studied. However, 22 of these were found to be film-forming types and probably were not active in the subsurface fermentation. Such yeasts are found growing luxuriantly on tanks which are protected from the direct rays of the sun (Etchells and Bell, 1950b) but are rarely found in brines from unprotected tanks. Heavy films did not form on the laboratory brines as they were kept under ultraviolet irradiation. Nevertheless, a little scum did form occasionally around the edges of the crocks where the brine surface was protected from the ultraviolet light, and this was thought to be the source of these 22 isolates. For this reason, only 87 non-film-forming isolates will be considered here. Identification of coliform organisms. Twenty isolates of members of this group were obtained by streaking eosin-methylene blue agar plates from positive lauryltryptose broth tubes and then picking isolated colonies from the agar plates onto nutrient agar slants. All cultures proved to be gram-negative, non-sporeforming, aerobic or facultative anaerobic, short rods, and produced acid and gas in lactose broth. Therefore, they were members of the coliform group. Further identification was not made, as the significance of this group in the fermentations studied was very doubtful. However, Etchells et al., (1945) and Rosen and Fabian (1953) noted that these gram-negative bacteria belonged to the Aerobacter genus and that Aerobacter cloacae was the predominating species.
DISCUSSION
Under the conditions of these experiments, there were only two groups of microorganisms active in the fermentation of cucumbers, namely, the acid-forming bacteria and the yeasts. In contrast to these results, Etchells et al., (1945) have noted a hydrogen fermentation due to Aerobacter in a number of commercial fermentations in North Carolina. These workers noted that such fermentations were more consistently found in high salometer brines than in low. Therefore, Aerobacter fermentations might not be expected to be found as often in fermentations under northern conditions as under southern, since lower salometer salting schedules are generally followed in the North. Also, differences in average temperatures may affect the activity of these organisms.
The pattern of acid-forming bacteria and yeast activity noted in the commercial cucumber fermentations reported here was similar to that previously reported (Etchells et al., 1944 (Etchells et al., , 1950a (Etchells et al., , 1952 and Fabian et al., 1944) . However, Etchells et al., (1950a Etchells et al., ( , 1952 did not note the initial drop in yeast populations observed in these fermentations. Also, in the study of brines collected in northern areas (Etchells et al., 1952 ) the peak populations of yeasts were noted to occur within the first 5 to 6 days after salting. This may well have been due to the time elapsed in shipping the brine samples from the North to the laboratory in North Carolina.
The predominating acid-forming organism isolated was L. plantarum. This is in accord with the work of Etchells and Jones (1946a) and Rosen and Fabian (1953) (1952) indicate that Torulopsis holmii is usually responsible for the early vigorous yeast fermentation in northern areas and is followed by Brettanomyces ver8atilis. However, Torulaspora rosei has been shown to be the predominant species in some instances. SUMMARY The acid-forming bacteria, principally Lactobacillus plantarum, were found to start rapid growth in cucumber brines under both commercial and laboratory conditions within 24 hours after brining. These organisms attained their peak populations in from 3 to 5 days, declined rapidly for about the next 5 days and then continued to decline at a slower rate throughout the remainder of the period investigated (over 50 days).
Conversely, the yeast populations in the commercial fermentations declined for the first 3 to 5 days before initiating rapid growth. The Torulopsis holmii was found to be the predominating species of yeasts in seven of ten commercial cucumber fermentations studied. Torulaspora rosei predominated in one of the commercial fermentations and in all three of the laboratory fermentations. In the other two fermentations these two species appeared to be about equally active. Hanrenula 8ubpelliculosa and Brettanomyce8 ver8atilis were also isolated from these brines.
